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Abstract

Background and objective: Readability of patient education materials is of utmost
importance to ensure understandability and dissemination of health care information
in uro-oncology. We aimed to investigate the readability of the official patient education
materials of the European Association of Urology (EAU) and American Urology
Association (AUA).
Methods: Patient education materials for prostate, bladder, kidney, testicular, penile,
and urethral cancers were retrieved from the respective organizations. Readability was
assessed via the WebFX online tool for Flesch Kincaid Reading Ease Score (FRES) and
for reading grade levels by Flesch Kincaid Grade Level (FKGL), Gunning Fog Score
(GFS), Smog Index (SI), Coleman Liau Index (CLI), and Automated Readability Index
(ARI). Layperson readability was defined as a FRES of �70 and with the other readability
indexes <7 according to European Union recommendations. This study assessed only
objective readability and no other metrics such as understandability.
Key findings and limitations: Most patient education materials failed to meet the recom-
mended threshold for laypersons. The mean readability for EAU patient education mate-
rial was as follows: FRES 50.9 (standard error [SE]: 3.0), and FKGL, GFS, SI, CLI, and ARI all
with scores �7. The mean readability for AUA patient material was as follows: FRES 64.0
(SE: 1.4), with all of FKGL, GFS, SI, and ARI scoring �7 readability. Only 13 out of 70
(18.6%) patient education materials’ paragraphs met the readability requirements. The
mean readability for bladder cancer patient education materials was the lowest, with
a FRES of 36.7 (SE: 4.1).
gy. Published by Elsevier B.V. All rights are reserved, including those for text and data
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Conclusions and clinical implications: Patient education materials from leading urologi-
cal associations reveal readability levels beyond the recommended thresholds for
laypersons and may not be understood easily by patients. There is a future need for more
patient-friendly reading materials.
Patient summary: This study checked whether health information about different can-
cers was easy to read. Most of it was too hard for patients to understand.

� 2024 European Association of Urology. Published by Elsevier B.V. All rights are
reserved, including those for text and data mining, AI training, and similar technologies.
Table 1 – Readability scores to assess health information

Readability/reading Formula
1. Introduction

Patients increasingly seek treatment information online [1]
and use online information as a source of information prior
to consulting a physician [2]. It is of upmost importance for
international urological societies to provide high-quality
patient education materials (PEMs) to prevent harm and
give guidance, including pathways to seek professional
urologist consultations. Both the patient office of the Euro-
pean Association of Urology (EAU) and the Urology Care
Foundation of the American Urology Association (AUA) pro-
vide up-to-date PEMs across all conditions in urology. The
process includes expert panels for the creation of scientific
content and layperson input to ensure understandability
of the content [3] based on the clinical guidelines.

Readability of PEMs is the key for dissemination and has
to be adapted to a broad range of patients’ literacy and
knowledge. Appropriate readability levels are paramount
to encourage patients to rely on information from validated
sources since potentially untrustworthy sources might
seem reliable due to higher focus on readability [4]. Read-
ability of PEMs has revealed a correlation with understand-
ability in vascular surgery PEMs [5], ENT PEMs [6], and
urology questionnaires [7]. Further, low functional health
literacy correlates with mortality [8].

Regulatory authorities aim to address this issue of read-
ability of PEMs. The European Union (EU) Commission has
issued guidelines to increase layperson understanding and
involvement in clinical trials including minimum criteria
for readability [9]. These criteria have been adapted to other
fields, as demonstrated previously, for readability levels of
urological abstracts and layperson summaries that revealed
a clear lack of readability, which is currently not addressed
by urological journals and might limit dissemination [10].

The aim of this study was to investigate the readability of
the official PEMs of the EAU and AUA for cancer-related
information.
grade level
(abbreviation)

Flesch Kincaid Reading
Ease Score

206.835 – (1.015 � total words/total
sentences) – (84.6 � total syllables/total
words)

Flesch Kincaid Grade Level (0.39 � total words/total sentences) + (11.8
� total syllables/total words) – 15.59

Gunning Fog Score 0.4 (total words/total sentences + (100 �
complex words/total words)

Smog Index 3+
p
polysyllabic count

Coleman Liau Index (0.0588 � average number of letters per
100 words) – (0.296 � average number of
sentences per 100 words) – 15.8

Automated Readability
Index

4.71 (characters/words) + 0.5 (words/
sentences) – 21.43
2. Patients and methods

2.1. Patient education material selection

PEMs for uro-oncological conditions were retrieved from https://pa-

tients.uroweb.org for EAU PEMS and from https://www.urologyhealth.

org for AUA PEMs. We selected the information for prostate cancer, blad-

der cancer, renal cell carcinoma, testicular cancer, penile cancer, and

urethral cancer. For EAU PEMs, the patient leaflet was derived as a PDF

for the respective cancer type. For AUA PEMs, text provided on the web-

site was retrieved directly. The sections for a general explanation of the

cancer type (called ‘‘about’’ section), causes, symptoms, diagnosis, treat-
A. Abreu et al., Readability
24), https://doi.org/10.1016
ment of localized disease (treatment localized), and treatment of meta-

static disease (treatment metastatic) were extracted when available and

the information was collected on October 10, 2023 (Supplementary

Table 1).
2.2. Readability score and reading grade level assessment

Established readability scores and reading grade levels were assessed

between October 11, 2023 and November 1, 2023, using a freeware read-

ability score calculator tool (https://www.webfx.com) as described pre-

viously [10]. The Flesch Kincaid Reading Ease Score (FRES) was used to

determine readability with a upper limit of 100 [11], while the Flesch

Kincaid Grade Level (FKGL) [12], Gunning Fog Score (GFS) [13], Smog

Index (SI) [14], Coleman Liau Index (CLI) [15], and Automated Readabil-

ity Index (ARI) [16] were used to assess reading grade levels. Readability

and reading grade levels thereby correlate inversely. A high FRES (�70)

and low FKGL, GFS, SI, CLI, and ARI reading grade levels (<7) indicate

good readability, as reported previously [9,17]. The EU recommendation

for layperson summaries were thereby followed as cutoffs [9]. Precise

formulas for calculation of all scores are provided in Table 1.

All readability scores including the automated assessment tool have

been used previously to assess health information [10,18].

The different sections of PEMs for each cancer type were copied and

pasted from the master file into the readability score calculator sepa-

rately to determine the readability for each section using the full-text

function.
2.3. Statistical analysis

Continuous variables were presented as mean with standard error of the

mean (SE).

The readability of PEMs from both the EAU and the AUA website was

assessed independently. It is important to note that no comparative sta-

tistical analysis was conducted between the two sets of PEMs due to the

use of different guidelines (EAU and AUA) by each organization in creat-

ing their materials.
Assessment of Patient Education Materials on Uro-oncological Diseases
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For the comprehensive analysis of the PEMs, the mean readability

score was calculated for all the sections combined across all selected

types of cancer and for each cancer. In addition, a separate analysis

was performed for each specific section (including information about

the disease, its causes, symptoms, diagnosis, and treatments for both

localized and metastatic conditions) and for each type of cancer individ-

ually. This approach helped identify any variations in readability across

different sections and cancer types. Data were reported combined and

separately by cancer and by PEM section.

By using these two methods, we were able to comprehensively eval-

uate and compare the readability of the information across different sec-

tions (such as symptoms, treatment options, etc.) and also among the

various types of cancer. This dual approach helped identify where read-

ability varied, due to either the type of cancer being discussed or the

specific section of information.

Minimal readability requirement was depicted in addition to read-

ability scores for EAU and AUA patient material (red line): based on EU

recommendations for layperson summaries in clinical trials [9], the

reading level of an average 12-yr old and above was used as a threshold

of appropriateness. Therefore, a FRES of �70 and FKGL, GFS, SI, CLI, and

ARI of <7 were considered the threshold for layperson readability

[9,10,17].
3. Results

The mean FRES for both the EAU and the AUA PEMs was
lower than the advised minimum readability standard of
70, indicating a level of difficulty not suitable for general
public understanding. Furthermore, the average grade
levels required to comprehend the PEMs from both the
EAU and the AUA, as measured by FKGL, GFS, SI, and ARI
readability scores, exceeded the levels recommended for
materials intended for a lay audience, all �7. This suggests
that these materials may be too complex for the average
reader, underscoring a need for simplification to enhance
accessibility (Fig. 1).

When focusing on specific subdomains of PEMs, the
mean FRES ranged from 38.2 (SE: 12.2) for causes in the
EAU PEMs to 69.9 (SE: 2.1) for general information (about)
provided in the AUA PEMs. Treatment for localized disease
revealed the lowest mean FRES (57.9 [SE: 4.6]) within the
different subdomains of AUA PEMs. In the reading grade
level analysis, the layperson readability level recommenda-
tion of 7 is reached for general information (about) provided
in the AUA PEMs for FKGL (6.4, SE: 0.4), SI (6.1, SE: 0.5), and
ARI (6.1, SE: 0.6), and for symptoms in the AUA PEMs for SI
(6.6, SE: 0.3). The mean of all other metrics did not meet the
recommended threshold (see Fig. 2).

When analyzing specific cancer types, the recommended
mean FRES was reached only for penile cancer (72.1, SE: 2.3)
with corresponding low reading grade level (FKGL: 6.5 [SE:
0.5], GFS: 8.4 [SE: 0.5], SI: 6.3 [SE: 0.3], CLI: 10.5 [SE: 0.5],
and ARI: 6.1 [SE: 0.7]), while the lowest mean FRES was
observed for bladder cancer PEMs provided by the EAU
(36.7, SE: 4.1) with corresponding high reading grade levels
(FKGL: 13.2 [SE: 1.0], GFS: 15.7 [SE: 1.0], SI 11.4 [SE: 0.8],
CLI: 15.5 [SE: 0.7], ARI: 13.deata9 [SE: 1.2]; see Fig. 3).

Details of each cancer type and each PEM section are
outlined in Supplementary Figures 1–6.
Please cite this article as: S. Rodler, S. Maruccia, A. Abreu et al., Readability
Using Automated Measures, Eur Urol Focus (2024), https://doi.org/10.1016
4. Discussion

The development of PEMs holds significant value for
patients and their caregivers, and it is essential to acknowl-
edge the contributions of dedicated teams from the EAU and
AUA. These groups dedicate considerable time and effort to
translate complex medical guidelines into accessible infor-
mation for patients, caregivers, and their families, ensuring
that it can be understood easily and applied. In this study,
we performed a quantitative readability assessment of
PEMs and provided the first analysis of different sections
of PEMs focusing on genitourinary cancers. Besides the cor-
rectness and high accuracy of the information provided, the
average readability of PEMs did not reach the recommended
thresholds for laypersons [9]. Better readability scores for
general information, symptoms, and diagnosis, and worst
readability scores for causes and treatment options were
found. However, heterogeneity in readability levels was
observed.

The EU has made substantial efforts to diminish barriers
and democratize health care access with regard to educa-
tion and readability of scientific and health care-related
contents. As part of these efforts, recommendations for
layperson summaries of clinical trials have been proposed,
emphasizing the need to convey difficult to understand
health information to an audience with potentially low
health literacy in general or in a given topic [9]. These rec-
ommendations have been applied to the EAU and AUA
patient information and are evaluated in this study. Almost
all parts of uro-oncological PEMs have not reached the pro-
posed readability level recommendations and might there-
fore impact the understandability of laypeople seeking
information about urological cancers.

The assessment of urology PEMs represents an active
research area, with heterogeneous results being dependent
on the tool used and PEMs analyzed. About 10 yr ago, AUA
PEMs have been reported to have had bad readability [19].
In 2010, the analysis of PEMs from the EAU patient office
revealed better readability over time [20]. In the present
study, despite an improvement in terms of readability com-
pared with previous findings [19,20], we found that PEMs
still has not reached the recommended thresholds [9] in
readability scores, with high variability in readability being
observed across the different cancer types. For EAU PEMs,
bladder cancer reveals specifically low readability; how-
ever, patients with lower reading grade levels have higher
bladder cancer incidence rates [21].

Notably, there is an association between lower socioeco-
nomic status and worse survival among bladder cancer
patients, further emphasizing the need to customize read-
ability levels for this patient group to ensure effective com-
munication and understanding of medical information [22].

The present study indicates the necessity for consistent
and automated validated readability assessments prior to
PEM publication using the available standardized scores
and tools used to assess these.

Disparities arising through a lack of access to high-
quality care might be increased in underserved areas
Assessment of Patient Education Materials on Uro-oncological Diseases
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Fig. 1 – Cumulative readability of EAU und AUA patient education materials. Abbr.: Flesch Reading Ease Score (FRES), Flesch Kincaid Grade Level (FKGL),
Gunning Fog Score (GFS), Smog Index (SI), Coleman Liau Index (CLI), Automated Readability Index (ARI), European Association of Urology (EAU), American
Urology Association (AUA), European Union (EU).

Fig. 2 – Cumulative readability of patient educational material for sections. Abbr.: Flesch Reading Ease Score (FRES), Flesch Kincaid Grade Level (FKGL),
Gunning Fog Score (GFS), Smog Index (SI), Coleman Liau Index (CLI), Automated Readability Index (ARI), European Association of Urology (EAU), American
Urology Association (AUA), European Union (EU).

E U R O P E A N U R O L O G Y F O C U S X X X ( X X X X ) X X X – X X X4

Please cite this article as: S. Rodler, S. Maruccia, A. Abreu et al., Readability Assessment of Patient Education Materials on Uro-oncological Diseases
Using Automated Measures, Eur Urol Focus (2024), https://doi.org/10.1016/j.euf.2024.06.012



Fig. 3 – Cumulative readability of patient educational materials for cancer types. Abbr.: Flesch Reading Ease Score (FRES), Flesch Kincaid Grade Level (FKGL),
Gunning Fog Score (GFS), Smog Index (SI), Coleman Liau Index (CLI), Automated Readability Index (ARI), European Association of Urology (EAU), American
Urology Association (AUA), European Union (EU).
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through barriers set by required educational levels to
understand treatment recommendations of urological soci-
eties [23,24]. Patients with a lower education level and
lower socioeconomic status experience disparities across
all age categories and have inferior general health [25].

The process of updating PEMs, especially with the cur-
rent advances in uro-oncology, is time consuming and in
theory requires annual updates following guideline updates
[26]. Besides expert teams conducting the background
research and laypersons as well as patient advocates to con-
trol for understandability, using automated validated
assessment tools (such as WebFX, as reported above) to
check readability of PEMs prior to their release might be
an important next step to standardize readability. Increas-
ing the use of new tools in this process is of high importance
as more advanced assessment of PEMs going beyond writ-
ten text such as video or AI-based chatbots will be neces-
sary in the future.

This study is limited to the analysis of readability, and
direct conclusions to the understandability or dissemina-
tion of information might not always be drawn. However,
the correlation between poor readability and understand-
ability has been demonstrated as outlined [5]. No
assessment including actual patients regarding the under-
standability of the analyzed patient information was
Please cite this article as: S. Rodler, S. Maruccia, A. Abreu et al., Readability
Using Automated Measures, Eur Urol Focus (2024), https://doi.org/10.1016
performed in this study, which remains a subject for further
investigation. New technologies can be used to overcome
health care barriers, as demonstrated during the COVID-19
pandemic, when telemedicine was adopted rapidly [27].
Similarly, new technologies, such as large language models,
might be employed to address the readability issues of con-
ventional PEMs and potentially enhance the understand-
ability of the contents. In addition, this study evaluates
only English-language PEMs and does not focus on PEMs
in other languages. Further, PEMs would have to be a com-
promise to serve a variety of reading levels, as patients
reveal high heterogeneity in educational backgrounds
[28]. However, readability grants the backbone for objective
assessment of PEMs [29], and automated assessment can
easily be integrated prior to the release of new PEMs. Fur-
ther investigations are ongoing on this regard and results
are awaited.

5. Conclusions

This study observed that PEMs had worst readability than
recommended for the general audience. The results suggest
that there is room for enhancing the readability of PEMs,
possibly by incorporating the use of validated automated
assessment tools into the preparation process before the
Assessment of Patient Education Materials on Uro-oncological Diseases
/j.euf.2024.06.012
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PEMs are released officially. Implementing these measures
could potentially enhance patient empowerment in urol-
ogy, particularly in making informed decisions.
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Fig. 1. Cumulative readability of EAU und AUA patient
education materials. ARI = Automated Readability Index;
AUA = American Urology Association; CLI = Coleman Liau
Index; EAU = European Association of Urology; EU = Euro-
pean Union; FKGL = Flesch Kincaid Grade Level;
FRES = Flesch Reading Ease Score; GFS = Gunning Fog Score;
SI = Smog Index.

Fig. 2. Cumulative readability of patient education material
for sections. ARI = Automated Readability Index; AUA = Ameri-
canUrologyAssociation; CLI = Coleman Liau Index; EAU = Euro-
pean Association of Urology; EU = European Union;
FKGL = Flesch Kincaid Grade Level; FRES = Flesch Reading Ease
Score; GFS = Gunning Fog Score; SI = Smog Index.

Fig. 3. Cumulative readability of patient educational
materials for cancer types. ARI = Automated Readability
Index; AUA = American Urology Association; CLI = Coleman
Liau Index; EAU = European Association of Urology;
Please cite this article as: S. Rodler, S. Maruccia, A. Abreu et al., Readability
Using Automated Measures, Eur Urol Focus (2024), https://doi.org/10.1016
EU = European Union; FKGL = Flesch Kincaid Grade Level;
FRES = Flesch Reading Ease Score; GFS = Gunning Fog Score;
SI = Smog Index.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euf.2024.06.012.
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